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ROCKET -BORNE  IR  SENSOR  TERLOYMENT  SYSTEM 


rr’RonyrrroN 

In  1970,  Wentworth  Institute  fabricated  and  asserdilpd  the  first  of 
a series  of  basically  similar  soundinr  rocket  payloaRs  designated  by  the 
Sir  roree  Cambridge  Research  Laboratories  ( now  the  Air  vorce  Oeophysies 
T^b^ratory)  as  the  Hi-Star  Project,  "rn  ph'-se  of  this  task  was  the  desipn 
and  development,  of  a control  system  suitable  for  the  deployment  of  a 
cryoper1c»1ly-rooled,  infre-r*ed  sensinr  4 nstrument.  The  resulting  system, 
the  subject  of  this  report,  was  used  or  sever  payloads  (Nos.  AOtt.OOL-2,  -i, 
-5,  -6,  -7,  -8  and  -9)  and,  with  minor  modifications,  on  three  more 
(Nos.  A05. 391-1,  -2  and  -3).  The  system  was  flown  a pain,  though  with  greater 
modification , in  the  Fall  of  1975  on  th*»  Super  Hi -Star  payload. 


CONTROL  SYSTEM  REQUIREMENTS 

The  requirements  which  had  been  established  for  this  control  system 
arc-  set  forth  in  this  Section. 


Sensor  deployment  Program 


The  system's  most  vital  requirement  is  that  it  must  properly  position 
or  deploy  the  sensor  when  the  sounding  rocket  reacl.es  a predetermined 
altitude.  First  of  all,  blow-off  doors  are  jettisoned  from  the  nose  cone; 
this  re mores  any  structure  that  might  obstruct  the  sensor's  movements  or 
field  of  view,  "’hen,  referring  to  F'  gure  1,  the  following  sequence  of 
events  is  initiated  by  the  Attitude  Control  System  (ACS)  or  payload  pro- 
grammer. 

Step  1:  The  sensor's  protective  cap  is  removed. 

Step  2:  The  sensor  i3  ’-otated  outward  from  vrithin  the 

rose  cone  to  it.s  first  nat,a  Collection  Point  (PC?  //I'. 

Step  ~ : The  .sensor  i1-  held  t T?  Hi  while  the  ACS  rotates 

the  payload  about  its  longitudinal  axis  for  one 
full  revolution. 

Step  In  Upon  completion  <>p  nne  revolution,  the  sensor  is 
rotated  inward  to  be  stopped  at  the  next  point, 

UCP  H2. 

Step  5:  Cnee  again,  the  ACS  revolves  the  payload  one  full 

revolution  about  its  X-axis. 


It  is  during  these  periods  of  payload  revolution,  with  the  sensor  held, 
at  its  "OP3,  that  the  infra-red  data  is  collected.  This  process  of  stepping 


the  renso r to  the  next  XP  and  revolving  the  payload  is  repeated  until 
it  is  time  to  "button  it  up"  for  reentry.  Then,  the  sensor  is  rotated 
inward  to  the  Stow  position  and  its  cap  is  replaced,  thus  completing 
the  last  step  of  the  deployment  program,  thereby  readying  the  sensor  for 
the  rigors  of  reentry  and  subsequent  recovery. 

XP  Positions 

The  position  of  DCP  i/1  relative  to  the  payload's  longitudinal  axis 
varies  from  payload  to  payload;  it  is  dependent  upon  the  specific  mission's 
requirements.  The  control  system  must  accommodate  these  changes. 

XP  Spacing 

The  angular  spacing  between  each  PCP  depends  upon  the  sensor's  field 
of  view.  For  t,hi3  series  of  payloads,  the  spacing  was  1.1°  t 0.05°. 

Sounding  P.ocket  Environment 


The  sensor's  deployment  system  must  operate  satisfactorily  in  an 
environment  common  to  sounding  rockets. 

Vibration:  Test  Level 

a.  0.003  G?Hz.  at  20  Hz . + 12  db/octave  from  20  Hz.  to  100  Hz. 

b.  0.0P8  02Hz.  from  100  Hz.  to  1000  Hz. 

c.  -6  db/octave  from  1000  Hz.  to  2000  Hz. 

Shock:  Test  Level 

100  G peak,  6 millisecond  sawtooth. 

Payload  3*:  Test  Level 

♦ 28  VDC  1 h VDC. 

Longitudinal  Acceleration:  Flight  Condition 

20  G peak. 

Spin  Rate:  Flight  Condition 

5 rps 

Flight  Time; 

10  minutes. 
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PHYSICAL  DESCRIPTION 

A general  explanation  of  the  payload  and  the  mechanism  of  its 
deployment  system  is  in  order  before  discussing  the  essentials  of  the 
control  system. 

Main  rastlng 

Figure  ? shows  the  casting  that  forms  the  basic  chassis  of  the 
sensor  deployment  system.  It  is  extrerrely  rigid  in  order  to  maintain  the 
alignment  of  the  TR  sensor  with  the  rest  of  the  payload.  The  sensor  is 
housed  within  the  chassis  as  shown  in  Figure  3.  The  inner  surface  of  this 
casting  is  smooth  and  glossy,  and  is  finished  in  a white  baxed  epoxy  paint; 
this  aids  in  maintaining  the  cleanliness  required  within  this  portion  of 
the  payload.  Two  large  ports,  covered  by  blow-off  doors  during  the  early 
portion  of  the  flight,  provide  clearance  when  the  sensor  rotates  outward 
to  collect  data.  (See  Figure  lx). 

Sensor  Mounting  Ring 

The  IR  sensor  mounts  in  a ring  that  is  gimbelled  about  one  axis. 

This  axis  is  at  a right  angle  to,  and  passes  through,  the  payload's  longi- 
tudinal axis.  The  gimbal  shaft  protrudes  through,  and  is  supported  by, 
opposite  walls  of  the  casting.  One  end  of  this  shaft  is  connected  to  the 
gimbal's  drive  assembly,  and  the  other  to  its  brake  assembly.  Figures  3 
and  U show  the  two  bulbous  skin  fairings  used  to  cover  these  two  assemblies. 

Gimbal  Drive  Assembly 

Gear  ^ox  — The  Gimbal  Drive  Assembly  consists  of  a gear  box  (see 
Figure  ?)  which  couples  a ??  Vnr  planetary  geared  drive  motor  and  an  optical 
shaft  encoder  to  one  end  of  the  gimbal's  shaft.  A 7.5:1  reduction  ratio 
worm  drive,  combined  with  the  619.9:1  reduction  of  the  planetary  gear  motor, 
gives  s rate  of  sensor  deployment  of  16°  per  second  on  Hi-Power  and  80  per 
second  on  Low  Power. 

Shan't  rncoder  --  ’’’he  optical  shaft  encoder  is  coupled  to  the  gimbal's 
shaft  by  a set  of  anti-backlash  gears  which  gears  it  up  2.5U:1.  This  gear 
ratio,  combined  with  the  bit  resolution  of  the  shaft  encoder,  gives 
approximately  0,0173°  of  shaft  rotation  per  increment  of  encoder  output, 

'''his  output  is  used  by  the  control  system's  logic;  it  is  also  an  in-flight 
monitor  through  telemetry  of  the  sensor's  deployment  angle. 

Function  Can  — This  unit  is  also  a part  of  the  Gimbal  Drive  Assembly 
(see  Figure  5)-  It  can  be  seen  only  when  the  gear  box  is  removed.  This 
can,  mounted  directly  to  the  gimbal  shaft,  is  used  to  actuate  the  U0°  Enable 
Switch,  Sw  U,  and  the  Upper  Limit  Switch,  Sw  6,  The  cam  has  built-in 
provisions  for  making  small  amounts  of  angular  adjustment  needed  to  accommo- 
date slight  differences  between  payloads. 
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Figure  2.  Main  Casting  showing  the  Oimbal  Drive  Assembly 


5v  6 Limit  Switch 


Gimbal  Brake  Assembly 


Electromagnetic  Brake  — The  other  pni  of  the  gimbal  shaft  is  coupled 
to  an  electromagnetic  brake.  It  aids  the  dynamic  braking  of  the  IR  sensor's 
movement  and  it  locks  it  into  place  at  each  DCP.  This  brake  consists  of 
two  parts:  a stationary  field  coil  mounted  to  the  casting,  ar.c  an  armature 

mounted  directly  to  the  gimbal  shaft.  When  electrical  power  is  applied  to 
the  field,  it  magnetically  attracts  the  armature,  thus  forcing  the  braking 
surfaces  together. 

Precision  Pot  — Mounted  also  to  the  Gimbal  Brake  Assembly  is  a multi- 
turn precision  pot.  It  is  driven  through  anti-backlash  gears  by  the  gimbal 
shaft  and  provides  an  analog  output  signal  used  to  quickly  check  gimbal 
3 ha  ft  rotation  during  sens  or  deployment. 

.Tack  Mechanism 


’’’he  IR  sensor  has  a nrot.ective  '•an  that  is  removed  when  collecting  data 
and  i3  replaced  afterward.  The  mechanism  shown  in  Figure  6 is  used  far  this 
purpose.  The  can  is  bolted  to  the  jack’s  platform  so  that  when  the  jack  is 
lowered,  the  can  is  removed  ?nH  vice  versa,  '"he  mechanism  is  sufficiently 
sturdy  so  that,  when  it  renlares  the  cap,  it  locks  the  sensor  in  the  stowed 
position. 

Three  switches  are  mounted  on  this  device.  Sw  } is  a limit  svrltch. 

Tt  turns  off  the  motor  if  the  jack  is  run  to  its  mechanical  limit,  preventing 
self  destruction.  The  other  two  switches  are  used  to  integrate  the  jack's 
operation  with  other  functions.  Figure  1 shows  approximately  where  thi s _ 
jack  is  mounted  in  the  payload. 

logic  Fl<»ctronlcs  Package 

This  package  i3  the  heart  of  the-  control  system.  Figures  7a  and  7b 
show  the  package  with  and  without  its  cover.  It  contains  four  circuit 
boards  which  employ  both  printed  circuit  and  wire  wrap  fabrication  techniques, 
"t  is  mounted  with  the  power  control  relays  and  supplemental  circuitry 
in  *hc  payload  section  just  aft  of  the  casting.  This  section  is  reserved 
for  the  payload's  support  electronics. 


COT-ROL  SYGTFK  OPERATION 

"he  control  system  which  has  been  developed  to  meet  the  system  require- 
ments can  be  considered  a semi -closed  loop  system.  The  normal  operational 
Tjodo  oppn  loop.  Ko  sensor  positional  data  is  used  to  adjust  the  sensor's 
position  each  time  it  is  stopped  at  a PCP.  However,  a closed  loop  arrange- 
ment is  employed  to  overcome  certair  types  of  system  failure.  A description 
of  these  two  operational  modes  follows. 

formal  Operation 

Figure  8 ^Control  System  Block  Marram)  illustrates  the  interaction 
betvreen  the  various  elements  of  the  control  system. 
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Figure  7a.  Logic  Control  Unit 


Figure  7b.  ITU  with  Cover  removed 
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Four  commands  ?r°  used  to  control  the  deployment  program's  sequence 
of  ever*s.  "'hey  are  "deploy",  "Step”,  "Stow",  and  "Logic  Reset".  The 
first  three  are  generated  by  the  vehicle's  ACS.  The  payload  programmer 
generates  the  "Logic  Reset"  in  addition  to  the  back-up  commands  for 
"Deploy"  and  "Stow". 

The  **irst  command  is  "Logic  Reset".  It.  presets  the  Logic  Control 
Unit,  (LCTT)  electronics  to  the  proper  starting  levels.  The  second  command 
is  "Deploy".  Upon  receiving  it,  the  LCU  sends  out  Remove  Cap,  Rotate  Out, 
and  Run  signals.  The  Remove  Cap  signal  sets  thp  Cap  Control  Relay,  Ry  1, 

-o  the  proper  position  for  removing  the  sensor's  cap.  The  Rotate  Out 
signal  sets  the  Power  Select  Relay,  Ry  3,  to  the  Hi-Rower  position  and 
the  Oinbal  Direction  Relay,  Ry  L,  to  the  Rotate  Out  position.  Power  through 
Ry  1 and  Sw  1 runs  the  Jack  Drive  Motor,  thus  removing  the  cap.  When  the 
jack  mechanism  i3  fully  retracted  (cap  is  clear  of  the  sensor),  it  actuates 
SW  1;  this  switch  interrupts  the  power  to  the  Jack  Drive  Motor,  then 
energizes  the  Power  Transfer  Relay,  R.y  2.  Power  flows  through  Rys  2,  3»  U, 

$ and  Sw  5 to  the  Gimbal  Drive  Motor.  The  sensor  begins  to  rotate  outward. 

The  Shaft  Position  Encoder  (SPE),  see  Figure  2,  transmits  position-indicating 
data  to  the  LCU.  Due  to  the  2.5h:l  gear  ratio  between  the  SPE  and  the 
Gimbal  Shaft,  redundant  data  is  generated  through  the  first  U0°  of  deploy- 
ment. To  prevent  the  LCU  from  responding  to  this  erroneous  data,  the  h0° 
Enable  Switch,  Sw  h,  enables  the  logic  control  functions  only  after  the  sensor 
has  traveled  beyond  the  h0°  Enable  Point  (nee  Figure  1). 

The  sensor  continues  to  deploy,  rotating  outward  until  it  reaches  a 
position,  the  Turn  A rotind  Point,  where  the  SFF  data  matches  data  previously 
stored  in  the  LCU.  When  this  match  occurs,  the  LCU  generates  a Rotate  In 
signal.  Ry  controlling  the  appronriat e relays,  this  signal  reverses  the 
direction  of  the  Gimbal  Dr'vp  Motor  and  slows  it  down  by  switching  it  to 
Low  ^ower.  Ry  h in  its  Rotate  In  position  also  sends  a signal  to  the  LCU 
which  enables  the  brake-control  function,  "he  sensor  now  rotates  inward  at 
slow  speed.  The  LfTT  comnares  the  SUE  date  with  its  own  data,  looking  for 
a match  at  the  DCR  A*l.  When  the  match  occurs,  the  LCU  generates  a °rake 
signal,  setting  Ry  £ to  the  brake  position.  This  removes  power  from  the 
Gimbal  Grive  Motor  ard  energizes  the  Gimbal  Brake,  stopping  the  sensor  at 
RCP  n. 

The  sensor  remains  at  X?  01  until  a "Step"  command  is  received  from 
the  ACS.  This  command  upgrades  the  LCU's  internal  reference  to  match  the 
next  DCP,  removes  power  from  the  brake,  and  applies  power  to  the  Gimbal 
Drive  Motor.  The  sensor  rotates  inward  once  again  until  the  SPE  data 
matches  the  LCU's  new  internal  reference  for  DCP  02 , at  which  time  the 
stopping  sequence  is  repeated.  This  process  repeats  itself  each  time  a 
"Step"  command  is  received  throughout  the  flight. 

/.  successful  recovery  of  the  payload  requires  returning  the  sensor 
to  it 3 Stow  position  before  reentry.  When  the  LCU  receives  this  "Stow" 
comand,  it  sends  out  Run  and  Rotate  In  signals.  It  also  disables  some 
of  its  internal  control  functions  so  that  the  sensor  can  rotate  through 
any  unused  DCPs  to  Its  Stow  position.  When  it  arrives.  Stow  ?o«it.ion 
Switch,  Sw  5>,  (see  Figure  5),  transmits  a signal  to  the  LCU.  The  LCU 
generates  a Replace  Cap  signal  that  switches  Ry  1.  The  Jack  Drive  Motor 
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starts  replacing  the  cap.  The  jack  rice 3 not  move  very  l'ar  before  Sw  1 
i.3  deactuated;  at  the  3arie  time,  Ry  2 deenergizes,  and  power  is  removed 
from  the  gimbal's  control  relays.  As  the  jack  pushes  the  cap  into  place, 

Sw  2 changes  the  jack  motor  power  to  a low  level.  The  Jack  motor  finally 
stalls,  maintaining  several  pounds  of  thrust  on  the  sensor  cap.  This 
ensures  that  the  cap  stays  on,  and  locks  the  sensor  in  its  Stowed  position. 
The  Sensor  Deployment  Program  terminates  with  this  securempnt  of  the  sensor. 

^allssfe  Operation 

It  in  possible  that  a system  failure  could  occur  if,  for  one  reason 
or  other,  the  logic  does  not  recognize  a tp  when  Ry  li  and  Ry  5 are  in 
their  respective  Run  and  Rotate  In  positions.  Under  these  conditions  the 
sensor  would  be  stowe-1  prematurely,  thus  terminating  data  collection. 

This  *ype  of  failure  would  happen,  for  instarce,  if  a certain  portion  of 
the  d?ta  were  lost  momentarily  as  t.he  sensor  was  moving  to  its  next  DCP. 
”0  prevent  t.hi3  sort  of  system  failure,  two  failsafe  features  named  Scan 
Mode  and  Lower  Limit  Control  have  been  incorporated  in  the  system  design. 
Referring  to  Figure  9,  Failsafe  Program,  the  following  is  a description 
of  their  operation. 

Scan  Mode  Operation  — Assuming  that  the  system  has  received  a "Step" 
command,  and  is  now  rotating  the  sensor  inwaro  from  one  DCP  to  the  next, 
we  introduce  a glitch  (momentary  failure)  so  that  the  LCU  does  not  recognize 
when  the  sensor  has  reached  the  next  DCP.  Instead  of  stopping,  it  continues 
to  rotate  inward  and  would  stow  itself  if  it  were  not  for  the  Scan  Mode 
failsafe  feature.  This  feature  is  designed  to  generate  two  error  points, 
Error  Point  1,  (EP  #1),  and  Error  Point  2,  (F.P  #2).  Roth  move  each  time 
a "Step"  command  is  received,  and,  by  doing  so,  maintain  their  angular 
relationship  with  each  upcoming  DCP.  As  in  our  example  in  Figure  9,  the 
sensor  slides  past  the  DCP  and  reaches  FP  #1.  The  LCU  recognizes  that 
the  sensor  has  missed  its  stopping  point;  consequently,  it  sends  out  a 
Rotate  Out  signal,  thereby  reversing  the  direction  of  rotation  and  sending 
the  sensor  back  toward  FP  #2.  When  the  sensor  reaches  EP  #2,  the  LCU  sends 
out  a Potato  In  signal  and  the  sensor's  direction  is  apain  reversed.  If 
the  effects  of  the  glitch  arc  no  longer  present,  the  LTU  recognizes  this 
and  stops  the  sensor  at  the  desired  T>CP.  If,  by  chance,  the  glitch  is 
still  present,  the  sensor  will  continue  scanning  back  and  forth  between 
the  two  error  points.  It,  will  remain  in  this  scan  mode  until  eithpr  the 
glitch  disappears  and  the  sensor  stops  at  the  desired  DCP,  or,  a "Step" 
command  tells  it  to  move  on  to  the  r°rt  Tn,  Hopefully,  the  glitch  does 
not  affect  the  following  RCPs  and  the  system  returns  to  normal  operation. 

Lover  Limit  Control  Oneration  — This  second  failsafe  feature  is 
orovided  because  of  the  difficult,''-  in  predicting  the  character  of  a glitch. 
Fr  !‘1  is  closely  spaced  t,o  the  Urp  r-rd  could  be  overridden  if  affected  by 
the  same  glitch  that  allowed  ♦ he  system  to  -]r*  the  sensor  slip  oast  in  the 
first  olace.  Should  that,  happen,  once  aca in  the  sensor  would  stow  itself 
prematurely.  To  prevent  this  occurrence,  a fixed  position,  the  Lower  Limit 
, Point,  provides  a second  opportunity  to  turn  the  sensor  around,  sending 

it  back  to  FP  P7  and,  from  there,  back  to  the  DCP.  It  acts  like  EP  #1, 
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extent  it  fixed;  '*  rot  adjust  its  position  eaeh  time 

a "'‘«r"  ^ omrard  is  received. 

It  is  assumed  that  any  e;I  it  <•.•.;  able  of  ovcrri' i eg  these  two  fail  safe- 
fee*  urea  is  probahly  more  thar.  a temporary  problem  and  should  be  dealt  with 
i>cr  ordingly. 

THF  LOGIC  CONTROL  UNIT  (ECU) 

The  LCTJ  is  the  most  complex  ■<  "-.or.'r.t  of  the  deployment  system..  As 
such,  further  explanation  of  its  composition  and  operation  is  merited. 

It  receives  input  information  from  three  sources;  they  are  the  1*0°  Eitfble 
Switch,  the  Direction  Monitor,  and  the  3PL.  Baser)  on  this  information, 
th<  LCD  derides  upon  and  ge- crates  the-  correct  combinatioi.  of  output  signals 
,;hich  the  system  requires  tc  pr  rforn  any  one  of  ‘'our  system  tommands.  These 
commands,  "Logic  Reset",  "Deploy",  "3tep",  and  "Stew"  are  generated  by  the 
payload's  programmer  and  the  ACS.  They  determine  what  the  control  system 
must  do  and  when  to  do  it. 

The  following  two  segments,  entitled  "TCU  Circuii  Composition  ar.,i 
Fund  icr." , and  "LCD  Response  to  '’jmt.em  Commands",  elaborate-  on  Figure  1 o, 
Flock  "lag  ram.  "he  first  segment,  «r  the  tif!<  implies,  -escribes  t’-» 
composition  and  function  of  each  of  the  circuit  Mocks  in  this  figure,  "he 
second  segment  illustrates  th«  T,'’"s  chronological  response  to  each  of  the 
four  system  commar^s. 

LCD  Circuit  Composition  and  function 

Deploy  Fnahle  Circuit  — This  circuit  is  an  R-S  flip-flop.  Upon 
receiving  a "Logic  Reset"  command,  it  sets  the  Upper  Control  Limit  (UOL) 
latch,  rrror  Comparator,  and  Lower  Control  Limit  (LCL)  circuits  to  their 
proper  starting  condition.  It  also  inhibits  these  circuits  when  it  receives 
a signal  from  the  "Stow"  one-shot  circuit. 

UCL  i>atch  Circuit  — This  circuit  is  another  h-3  flip-flop.  It  is  used 
to  enable  the  "Step"  and  "Stow"  one-shots.  It  also  supplies  one  of  the 
three  enable  inputs  needed  by  the  Error  Comparator  circuit. 

"Deploy"  One-Shot  Circuit  — The  one-shot,  when  enabled  by  the  UCL 
latch  circuit  ano  upon  seeing  the  leading  edge  of  the  "Deploy"  command 
pulse,  sends  a 70  millisecond  pulse  to  the  Run  Drive,  Remove  Cap,  and 
Rotate  Out  circuits.  It  acts  as  the  interface  between  the  "Deploy"  command 
and  the  LCU. 

"Step"  One-Shot  Circuit  — Similar  to  the  "Deploy"  one-shot,  this  one 
acts  as  an  interface  for  the  "Step"  command.  Its  70  millisecond  pulse 
output  goe3  to  the  potate  In  and  Run  Drive  circuits'  inputs.  It  is  also 
connected  to  the  Register  circuit's  Advance  control  input. 
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CONVERTER 


'‘Stav.-"  <^ne-Shot  Circuit  --  ?:».s  r:<  -•  hot  is  the  i£i  's  inter  fact  for 
the  " St ow"  command.  "he  output  goes  ~ > the  Rotate  In  Drive  ar.d  Run  Drive 
circuits.  It  also  ?oos  to  the  Set  control  input  ol'  the  Deploy  Enable 
circuit. 

Pray  to  "inary  Converter  — a pair  of  Cuari,  "Vo  Input  Exclusive  UR  pates 
orovi’f-  ei  pht  pates,  of  which  sever  are  used  to  convert  the  sever,  Most 
Rignificart  nits  of  the  Rug  Pray  nrrto  4o  the  binary  code  format  used  ;y 
the  i,rr. 

-,P'.  rircui  * — t o'nele  f innut  ward  determines  when  the  sensor 

is  simul  taneouslv  beyond  4 he  LiP°  Enable  Point  and  at  the  rep,  point.  T t.s 
output  roes  t.o  the  ,,ni,  \x 4 o v-  and  Rotate  "ri  Drive  circuits. 

'S’..  rircuit,  --  Another  sir  air  ft  input  NAUR  pate  in  used  to  determine 
v/her  4 he  sensor  is  at  the  I,CT.  point  'hirinc  the  LCU's  failsafe  operai  ir.p 
mode . 

LCD  and  UC’L  Matrix  — This  matrix  is  composed  of  two  lu-pin  DIP  component 
carriers  which  proviur  a means  of  selecting,  by  harciwirinp,  the  particular 
SR?  oata  needed  by  the  'JCL  ar.d  LCD  circuits. 

I C?  til  Matrix  --  This  n.atrix  uses  only  or.e  lL-pin  DIP  component  carrier 
tc  select  the  angular  position  of  the  first  oata  collection  point,  CP  ft  1. 

It  is  hardwired  so  that  its  output  matches  the  3PL  data  for  that  point. 

Register  Circuit  — The  -Register  circuit  consists  of  two,  it  bit  counters 
arranged  as  a 7 Pit  Down  Counter.  It  supplies  tne  reference  oeta  that 
determines  the  angular  position  of  the  DCPs.  The  output  feeds  the  Position 
Comparator  and  Error  Comparator  circuits. 

Position  Comparator  Circuit  — This  circuit  employs  a Dual  h "it 
Comparator , one  2 input  MAUD  gate,  one  section  of  a Rex  Irivrrter  and  one 
r.ual  Input  one-shot.  The  circuit's  main  task  is  to  recognize  when  the  SUE 
data  matches  the  reference  data  from  the  Register  circuit.  It  also 
integrates  the  T'eploy  rnable,  ^0°  unable,  and  Motor  Direction  signals. 

Its  output  provides  the  input  to  the  drake  Drive  circuit. 

Error  Comparator  Circuit  — This  circuit  is  of  significance  only  when 
the  system  is  on® rating  in  the  failsafe  mode.  It  supplies  the  information 
vrhich  establishes  the  positions  of  cp  #1  and  Rp  l1?,  Tt  is  made  up  of  one 
r uel  h nit  cnrre'af  a-,  two  3 input  HARD  rates , two  Ii  'Mt  7 rue /Complement 
D/1  Arithmetic  Elements , and  two  It  Pit  Rinarv  Adders.  Tts  main  inputs 
ar^  from  th®  SR-'  and  Register  circuits;  it  integrates  these  vrith  inputs 
from  the  Dry,  Dat^h , Deploy  triable,  ar.d  Direction  Monitor  circuits.  It 
has  two  outputs;  one  *oes  to  the  Rotate  Out  Drive  circuit  and  one  to  the 
Rotate  In  Drive  circuit. 

''rive  Circuits  — The  Replete  (lap  brivr  , liratce-  Drive,  a no  Remove  bap 
Drive  circuits  use  single  portions  of  a hex  inverter  as  their  input.  The 
Rotate  Out,  Drive  and  Run  Drive  use  a 3 input  IvA.NI1  gate  as  their  input,  while 
the  Rotate  In  Drive  circuit  uses  a U input  I# Mb  gate.  All  six  orive  circuits 
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use  ar.  output  trar.si  star  to  supply  pout: 
r*  lays.  It  is  tr.ese  six  output  s i pna  1 
tiori  to  the  control  system. 


r adequate 
1.  its  t rn&kfe 


to  s witch  the  control 
up  the  LCD's  contribu- 


te?' - osponse  to  System  Commands 

"Lopic  Reset"  C onnand  --  '"’he  first  system  command  is  the  "Logic  Reset", 
“his  is  a oulse  per.e rated  by  the  payload  oropramner  at  aoproximately  T ♦ C? 
see  or.  os  flight  time.  Tt  is  corrected  directly  to  the  LCD's  Register  cno 
'eploy  “nable  circuits.  It  resets  the  register  by  clearing  ary  data  in 
storage  and  enters  the  new  data  from  the  Tp  i>\  Matrix  circuit. 


’"her  the  TV*nlny  "nab]e  circuit  rc cei ”03  ♦ his  command,  it.  is  set.  to 
♦he  Deset  nos ’ t ion.  “he  t'ep’oy  “nebie  circuit  has  a single  output  which 
now  simultaneously  goes  to  four  -ore  circuits.  Follovinr  each  path,  one 
dace  it,  * o is  the  t CL  circuit,  supplying  it  with  ari  enable  input, 

“wo  more  places  are  the  Error  Comparator  ard  Position  Comparator  circuits 
where  it  removes  ar  inhibit  input.  The  fourth  place  it  poes  to  is  the 
*TL  latch  circuit.  The  UCL  latch  circuit  responds  by  sending  out  two 
outputs  labelled  Q and  Q.  The  Q output  goes  to  ana  enables  the  "Deploy" 
one-shot  circuit.  I he  Q output  poes  to  three  places:  the  "Step" , and 

"Stow",  one-shot  circuits,  ar.d  the  I rror  Comparator  circuit.  It  supplies 
an  inhibit  function  at  each. 


This  is  the  LCD's  complete  reaction  to  the  "Logic  .deset"  command.  No 
S".  output  is  generated  at  this  time. 


"deploy"  Command  — The  second  system  cor.mand  is  the  "Deploy".  This 
pulse  is  normally  generated  by  the  ICS  at  T +110  seconds;  however,  it  is 
backed  up  by  the  payload  programmer  at  T ♦113  seconds.  The  only  place 
it  goes  to  in  the  LCr  is  the  "Deploy"  one-shot  circuit.  This  circuit, 
previously  enabled  by  the  "Logic  Reset"  command,  sends  an  output  to  three 
drive  circuits,  “hey  are  the  Remove  Cap,  Rotate  Out,  arm  Run  Drive  circuits, 
“he  outputs  from  these  three  circuits  are  the  LCD’s  control  signals  used 
to  switch  the  relays  needed  for  sensor  deployment  as  previously  described 
i r.  the  resort  segment  Sorrel  C per  at  i or.. 

During  the  sense -’3  deployment,  the  IjC”  receives  certain  nieces  of 
information  to  which  it  must  ’■espon,‘.  'the  first  of  these  is  a chance  of 
status  of  ♦.he  ICP  rnable  Switch.  This  input  signal  to  the  LCD  enables  the 
"H,  circuit,  »rd  r^mcr'es  the  second  inhibit,  from  the  ’os it, ion  Comparator 
circuit.  The  ^nt,a  is  continuously  monitored  by  the  XI,  circuit,  through 
the  LCI.  and  XT  ’'a+c-;x  circuit,  "ben  the  5PF  data  matches  the  point, 
de ♦ e rmi r.ed  hv  the  matrix,  the  lift,  circuit  ooneret.es  an  output,  that  goes  t.o 
♦.’•o  nlaces.  At  the  notat.e  Tn  Drive  circuit,  it  triggers  an  output  which 
reverses  the  direction  of  sensor  rotat  ion.  At  the  IJCL  latch  circuit, 
several  operations  take  place,  “he  G output  from  it,  inhibits  the  "Deploy" 
One-bhot,  &ni  its  Q output,  enables  both  the  "btep"  ar.d  "Dtow"  One-Shot 
circuits;  at  the  same  time,  it  removes  the  second  inhibit  from  the  F rror 
Comparator  circuit. 
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'■'hen  * hr  se  nsor  >•  rect ; on  reverses,  a signal  n c<  i -rr  from  the  Direction 
“oni*  or  removes  the  ‘hire  or  f'nal  irhibit  from  the  uos'tion  Comparator 
and  r^rror  Comparator  circuits.  Roth  of  these  are  now  fully  enabled  and 
constantly  monitor  the  data  from  the  Cray  to  Ri r.arj  Converter. 

The  Position  Comparator  loox  . for  ti.»  point  wnere  Drfc  uata  matches 
data  from  the  Register.  V.'hen  this  happen:  , its  output  signal,  conditioned 
by  tr.e  Drake  Drive  circuit,  stops  the  ■_,*-nsor  at  I;CP  gl.  This  terminates 
the  influence  of  the  "iieplcy"  Command. 

"Step"  Command  — This  command,  tr.e  thirc  one  received  oy  the  LCU, 
is  a j£0  nilliseoono  pulse  used  to  step  tr.e  sensor  from  one  DCP  to  the 
next.  It  is  available  only  from  the  /Cl>  and  is  repeated  several  tines  curing 
a flight.  Tr.e  "Step"  One-Shot  circuit's  output  goes  to  the  Run  and  Rotate  In 
rrive  circuits  and  starts  the  sensor  rotating  ir.wara  toward  its  next  TCP. 

It  also  goes  to  the  Register's  t- ovance  input. 

""he  "egister  circuit's  counter,  up  to  this  moment,  stored  the  information 
received  earlier  from  the  'Tr>  Hi  Matrix.  V’nen  it  sees  the  one-shot  output, 
it  ?~varcrs  this  infornati- n one  count  so  that  it  nov;  supplies  a new  reference, 
or.e  that  coincides  v:  th  rC?  ^2.  "his  reference  is  usrd  by  the  Position 
Comparator  as  it  monitors  the  SDI'  da*a,  looking  for  a matching  condition 
again,  "her.  i*  occurs,  * he  LT!J  sends  out.  the  signals  that  stop  the  sensor, 
this  tine  at,  "arh  *ire  the  ICP  receives  a "Step"  command,  this 

process  is  renrated, 

"hrourhout  tki  S nhase  , the  t-  <-rnr  r om na r-at,o r nor;  i t. o -s  t.he  outputs  of 
♦he  ar  d t,v-p  oeg’st.er.  like-  ♦ he  Position  Comparator,  it  also  looks  for 
a matching  condition  of  these  two  '<*♦  a sources.  In  its  case,  however,  t.he 
data  from  the  Register  circuit  is  o fset  by  the  error  Comparator's  circuit 
eler/ r.ts  before  an  attempt  to  match  it  is  made.  The  only  time  that  a natch 
.3  now  possible  is  when  the  sensor,  failing  to  stop  at  the  designated 
DC:  , 'ravels  1.1°  beyond  to  the  FP  Pi.  These  same  elements,  with  an  input 
from  tr.e  Direction  Monitor,  are  used  to  generate  the  EV  #2.  The  resulting 
action  is  as  describes  in  tr.is  report's  segment  entitled  Fa ilsafe  Operation. 


"Stow"  Command  — A pui.se  from  the  ACS,  bacK^d  up  cy  t.ne  payload's 
programmer,  terminates  the  stepping  process  and  stows  the  sensor.  This 
"Stow"  command  goes  directly  to  tne  UJU's  "Stow"  One-Shot  circuit.  The 
one-shot's  output  then  goes  to  the  Run  and  Rotate  In  Drive  circuits,  thus 
starting  the  sensor  rotating  inward.  It  also  supplies  an  inhibit  signal 
to  the  two  comparator  ar.d  LCD  circuits  since  any  output  from  them  would 
hinder  the  stowing  process. 


The  sensor  rotates  inward  until  it  reaches  the  Stow  position,  whereupon 
Dw  > 'Ganges  status,  supplying  ar.  input  to  the  Replace  Cap  nrive  circuit. 

"he  output  from  this  circuit  is  the  last  control  signal  generated  by  the 
I,"-'  ar.d  serves  to  replace  the  sensor’s  cap. 


"his  control  ystem.  has  proved  to  hr  quiU1  versatile.  The*  first 
sever  projects  use--  it  as  .lust  describe",  eiianpjng  only  thr  angular 
•>os i t i on  of  the  %"  d 1 from  project  to  project.  Projects  Nos.  ( 0^.391-1, 

■J?  ar/*  -l  rcquirert  reversing  th<  steppi np  direction,  starting  XP 
at  a lnvr  point  and  '-t.eppinr  outward  instead  of  inward.  mhe  last  project, 
Suoe r Hi-rt.ar,  required  the  most  modification,  'n  this  one,  the  Xrror 
'"onnarator  circuit  was  used  to  scar  the  sensor  9.^°  brt.vreen  the  1 
and  rP  d?.  Tt,  r i d so  first  at  one  position  for  calibration  purposes,  then 
at  a seeor.'4  position  to  rolleet,  data.  Mditional  "irruitry  was  incorporated 
to  smooth  out  the  sensor's  reversal  of  direction  at  each  limit  of  the 
soar . 

"'■»  system,  usee  ' f:  these  eleven  orojects  has  proved  so  successful 
that  its  ne sign  concepts  form  the  basis  of  new  systems  being  devciof>eri  for 
■incoming  ZIP  nr.d  ARIT  U/Autonetios  projects  at  Wentworth  Institute. 

Xr.  Christopher  H.  Hentschei,  a former  employee  of  Wentworth  institute  , 
deserves  special  thanKs  in  recognition  of  his  contributions  during  the 
conceptual  tag*  of  this  deployment.  system's  Logic  Control  Unit. 


